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Detection of Fecal Residue on Poultry Carcasses
by Laser-Induced Fluorescence Imaging
B. CHO, M.S. KIM, K. CHAO, K. LAWRENCE, B. PARK, AND K. KIM

ABSTRACT: Feasibility of fluorescence imaging technique for the detection of diluted fecal matters from various
parts of the digestive tract, including colon, ceca, small intestine, and duodenum, on poultry carcasses was inves-
tigated. One of the challenges for using fluorescence imaging for inspection of agricultural material is the low flu-
orescence yield in that fluorescence can be masked by ambient light. A laser-induced fluorescence imaging system
(LIFIS) developed by our group allowed acquisition of fluorescence from feces-contaminated poultry carcasses in
ambient light. Fluorescence emission images at 630 nm were captured with 415-nm laser excitation. Image process-
ing algorithms including threshold and image erosion were used to identify fecal spots diluted up to 1:10 by weight
with double distilled water. Feces spots on the carcasses, without dilution and up to 1:5 dilutions, could be detected
with 100% accuracy regardless of feces type. Detection accuracy for fecal matters diluted up to 1:10 was 96.6%. The
results demonstrated good potential of the LIFIS for detection of diluted poultry fecal matter, which can harbor
pathogens, on poultry carcasses.
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Introduction

Ensuring safety of food commodities is a current issue of major
importance in the meat industry. Consumption of poultry con-

taminated with feces can cause serious human illness (Cody and
others 1999; Mead and others 1999). Thus inspection regulations of
the Food Safety and Inspection Service (FSIS) of the U.S. Dept. of
Agriculture (USDA) include a zero-tolerance policy for visible fecal
contaminants on poultry products (FSIS 2004).

Common routes of poultry skin contamination are ruptures
of the digestive tract during evisceration process that can ex-
pel internal content. Even though a human expert inspects the
wholesomeness of carcasses on the processing line, trace or dilute
fecal contaminants may not be easily discernable from water and
skin by the human eye. Previous research has shown potential of
multispectral reflectance imaging techniques for detection of fecal
matters on poultry carcasses (Park and others 2002, 2005). Results
demonstrated that feces residues on poultry carcasses could be de-
tected with approximately 92.5% accuracy using band ratio of im-
ages at 565 and 517 nm; however, efforts still need to be made to
improve the detection sensitivity for the diluted fecal contaminants
to comply with zero-tolerance standards for contaminant-free
production.

Recent research conducted at the ARS Food Safety Laboratory
(FSL) in Beltsville, Md., U.S.A. exhibited that fluorescence is very
sensitive in detecting animal feces on agricultural commodities
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(Kim and others 2003a, 2003b, 2008). The researchers indicated that
multispectral imaging using 2 to 3 fluorescence emission bands was
sufficient to detect animal feces on apples. To accomplish fluores-
cence imaging under ambient lighting conditions, we developed a
gated system capable of nano-second (ns) scale time-resolved fluo-
rescence imaging utilizing a tunable pulsed laser to provide proper
excitation.

In this study, the feasibility of a laser-induced fluorescence imag-
ing technique is explored for the detection of diluted poultry feces
on poultry carcasses. Optimal discrimination parameters, such as
gate-delay time, threshold of fluorescence intensity, and image pro-
cessing algorithm were suggested.

Materials and Methods

Sample materials
The carcasses and digestive tracts of 15 chickens, which were

grown on soybean protein meal using standard practices until
slaughter at the age of 7 wk, were obtained from a poultry process-
ing plant in Cordova, Md., U.S.A. Feed and water were withheld for
10 h prior to the slaughter. The samples were placed in plastic bags,
covered with ice, and transported to the laboratory within 2 h. Fe-
cal matter from 4 different parts of the digestive tracts, colon, ceca,
small intestine, and duodenum were extracted and diluted 1:5, 1:10,
and 1:50 by weight with double-distilled (DD) water. Note that di-
luted fecal mixtures contained particulates and no attempts were
made to dissolve the particulates; however, particulates tended to
aggregate toward the middle, and thus the mixtures were gently
stirred prior to application on the poultry skin. Using a pipette with
approximately 2-mm section of the tip removed to accommodate
particulates, undiluted and diluted fecal samples were applied in
50 μL drops to the surface of the poultry carcasses. The mean dry
matter contents (with standard deviations in parentheses) of ceca,
small intestine, and duodenum were 180 (21), 161 (21), and 149 (18)
μg/g, respectively. Note that the dry matter content for colon could
not be measured owing to insufficient sample quantity.
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Measurement of fluorescence spectra
Fluorescence characteristics of poultry fecal and organic mat-

ters (skin and meat) were investigated with a spectrofluorometer
(Fluorolog III, Horiba Industries, Edison, N.J., U.S.A.) with additive-
dispersion double grating and 2 Czerny-Turner double monochro-
mators. One monochromator is attached to a 450 W xenon lamp
with variable excitation from 220 to 700 nm. The other is attached
to a photon counting photomultiplier tube (PMT) capable of ac-
quiring fluorescence emissions from 250 to 900 nm. The system
monitors the lamp intensity through a beam splitter with a photon
detector and corrects for fluctuations in lamp intensity.

Emission spectra were acquired at 2-nm intervals from 370 to
750 nm with excitation wavelengths at 5-nm increments from 350
to 610 nm. Monochromator slit widths of 2 nm were set for both of
excitation and emission with the PMT integration time of 0.1 s. After
construction of fluorescence emission–excitation matrices for sam-
ples, emission spectra at the excitation maximum wavelength and
excitation spectra at the emission maximum wavelength for sam-
ples were measured at 1-nm intervals to refine optimal excitation
and emission wavelengths. The optimized excitation and emission
wavelengths were used for constructing the laser-induced fluores-
cence imaging system.

Laser-induced fluorescence imaging system (LIFIS)
A schematic diagram and a photo of the LIFIS is shown in

Figure 1. It consists of a tunable laser, a beam expander, a C-mount

Figure 1 --- Schematic (A) and a photo (B) of the LIFIS.

zoom lens, a common aperture adapter, and a fast-gated intensified
CCD camera. The excitation laser is a frequency tripled, Nd:YAG
laser (10 Hz, 6-ns pulse width) with high pulse energy emitting from
410 to 690 nm (Vibrant VIS, Opotek, Calif., U.S.A.). The 6-mm-dia
laser beam was expanded using a pair of divergent lenses to illu-
minate whole chicken carcasses under investigation at a distance
of about 150 cm from the laser. A fast nanosecond-scale gated-
intensified CCD camera (Istar, Andor Technology, Mass., U.S.A.)
coupled to a C-mount 25-mm lens (Rainbow, Calif., U.S.A.) and
a common aperture multispectral adapter (MSAI-04, Optical In-
sights, Ariz., U.S.A.) was used to collect fluorescence emission. The
adapter uses prisms to convert the incoming image into 4 equally
sized images in separate quadrants of the focal plane of the camera.
Interference filters can be inserted into the aperture for multispec-
tral imaging.

Image acquisition and processing
Visual Basic software (version 6.0, Microsoft, Seattle, Wash.,

U.S.A.) operating in a MS Windows environment was used to con-
trol the imaging system and to acquire image data (512 × 512 pixel).
Images were stored as 16-bit signed integers in a sequential bi-
nary file. Fifty time-resolved images spanning 50 ns with ap-
proximately 1-ns gate width were acquired for each sample. To
minimize the variability inherent in using a pulse laser, responses
at individual times were averaged over 16 pulses; averaging kept
pulse energy variations between time scales to less than 0.5%.
Initial system gate-delay time was chosen such that no fluores-
cence emission from the sample was detected; this image was used
for dark current and subtracted from the rest of the images. En-
ergy output of the laser was adjusted to 20 mJ/pulse. However,
due to the expansion of the laser beam, the total energy delivered
to the target per unit area was less than 2 mJ/mm2. Under this
condition, no property change could be observed in the sample
materials.

Image processing was performed for the acquired image data us-
ing Matlab software (version 7.0.4, The Mathworks, Natick, Mass.,
U.S.A.). Selection of optimal gate-delay time was based on F values
of analysis of variance (ANOVA) for relative fluorescence intensity
(RFI) values of respective gate-delay time between skin and fecal
groups. The optimal threshold value of RFI at which the classifica-
tion accuracy was highest was determined by investigating iterative
threshold increments of 0.1% RFI.

Results and Discussion

Three-dimensional fluorescence excitation and emission con-
tour plots for poultry skin and feces were constructed using

a spectrofluorometer as shown in Figure 2. The most dominant
fluorescence feature of the poultry feces was an emission peak in
the red region of the spectrum at about 635 nm with excitation in
the blue region (410 to 415 nm) while no apparent emission peak
was found in the red region for the poultry skin. Selection of wave-
lengths and bandwidths of the filters was based on the typical emis-
sion characteristics of poultry fecal matter (Figure 3).

To refine optimal excitation and emission wavelengths for the
detection of poultry feces, spectra were measured at 1-nm intervals
with the excitation monochromator positioned at the excitation
wavelengths previously identified as eliciting maximal responses
(411 nm); subsequently, excitation spectra were measured with the
PMT positioned at the maximal wavelengths identified with the
1-nm interval emission scans (Figure 3). Excitation maxima (peaks)
were observed at 411 nm. The excitation spectra for 635- and
692-nm emission maxima exhibited similar characteristics.
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Figure 4A shows representative emission spectra of poultry feces
and organic matters resulting from excitation at 411 nm. Emission
maxima were observed at 580, 625, 635, and 692 nm. The peak flu-
orescence response of feces is probably directly related to chemical
compounds in the feedstuffs and its metabolites produced in the
poultry digestive tract; however, the effects of animal digestive pro-
cesses on feedstuffs were not defined explicitly so far. Kim and oth-
ers (2003b) proposed that Protoporphyrin IX is a major constituent
found in poultry feces that can affect the spectra shapes. Among
the emission maxima, fluorescence intensities at 635 nm exhibited
relatively greater differences between the feces and organic matters
(Figure 4B).

Excitation at 415 nm and emission band at 635 nm were con-
sidered for this investigation, and narrow interference filter (10-nm
full width at half maximum) centered at 630 nm were selected for
LIFIS. The laser is capable of providing excitation at from 410 nm;
however, 415 nm was selected to avoid unstable performance of

Figure 2 --- Representative
fluorescence excitation and
emission characteristics of
poultry skin (A) and fecal matter
from the ceca (B).

Figure 3 --- Representative
fluorescence excitation and
emission spectra of poultry fecal
matter from ceca (Kim and others
2006).

the light source at the extremes of the operating wavelength range.
Note that the selection of the emission filters was limited by com-
mercial availability.

Representative ns-scale time-resolved fluorescence emission
spectra of poultry feces and skin are shown in Figure 5. The fluores-
cence peak intensity for the feces and skin was observed at 14 ns.
In general, fluorescence responses of untreated feces were greater
than responses for skin and diluted fecal matters. However, some
scattered spots in the areas for skin showed high fluorescence re-
sponses which were greater than responses of diluted fecal mat-
ters. A possible explanation for the high fluorescence response of
the spots may be the presence of feather roots remaining in skin
pores.

Figure 6 illustrates time-resolved fluorescence images spanning
from 10 to 50 ns in 5-ns intervals for a poultry carcass artificially
contaminated with the diluted and undiluted feces. These images
were normalized to the peak intensity. Most of the images showed

E156 JOURNAL OF FOOD SCIENCE—Vol. 74, Nr. 3, 2009



E:
Fo

od
En

gin
ee

rin
g&

Ph
ys

ica
lP

ro
pe

rti
es

Laser-induced fluorescence imaging . . .

the evidence of feces-treated spots on a poultry carcass, but the
appearance of the feces spots on the poultry was time dependent.
Within the time-resolved fluorescence images, 20- and 25-ns im-
ages exhibited relatively greater contrasts between the poultry skin
and the feces spots. A detection delay-gate time between 20 and
25 ns may be suitable for the detection of feces contamination on
poultry carcass.

F values of one-way ANOVA for RFI values of feces and skin
across the gate-delay time were calculated and are shown in
Figure 7A. A larger F value indicates a more statistically significant
mean separation between the 2 groups. The result indicates that
the mean of the 2 groups were most significantly separated by a
delay-gate time at 22 ns. To find an optimal threshold value for sep-
arating feces from skin, classification accuracies were calculated
for values across the RFI values. Results illustrated that the high-
est accuracy (96.6%) was obtained by using a threshold of 1120 RFI
value (Figure 7B). As shown in the frequency histogram, the skin
parts, the relatively low intensities, are largely grouped together
in contrast to the wide spread of a higher intensities for the fecal
matters.

On the basis of the discrimination analysis, undiluted and 1:5 di-
luted fecal matters could be detected with 100% accuracy regard-
less of feces types. Classification accuracy for 1:10 diluted feces
with the dry matter contents of approximately 15 to 18 μg/g was

Figure 4 --- Representative mean
spectra (A) and intensities (B) of
poultry fecal matter at 580, 625,
635, and 692 nm. Error bars indicate
standard deviations.

89.9%. Detection accuracies for ceca and colon (100% for both)
were higher than those for small intestine and duodenum (90.8%
and 95.8%, respectively). The fluorescence response of 1:50 diluted
fecal matters could not be discriminated from skin; hence these
were excluded from the analysis.

Figure 8 shows a sequence of processed images beginning with
a photo of fecal matters placed on poultry skin. The fecal matters
are arranged from top to bottom with no dilution in row 1, and with
dilutions of 1:5, 1:10, and 1:50 in rows 2 to 4. The samples shown in
columns 1 to 4 (from left to right) are fecal matters from the duo-
denum, small intestine, ceca, and colon, respectively. As shown in
Figure 8A, the diluted fecal matters are not easily discernible by
naked eye, except for those from ceca. Figure 8B is the image ob-
tained from using a 22-ns gate-delay time after 5 × 5 binning. Scat-
tered spots that have high fluorescence intensities were observed
in the areas for skin. The binary-classification image was obtained
by applying the 1120 RFI threshold value to the 22-ns gate-delay
time image (Figure 8C). Portions of the highly diluted feces spots
are missing, and a few false positives were observed in the sam-
ple areas for skin. To eliminate the false positives, a 2 × 1 ero-
sion algorithm was applied. The resultant binary image showed the
successful detection of fecal matters diluted up to 1:5 along with
partial detection of 1:10 diluted fecal matters without false positive
(Figure 8D).
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Conclusions

In this study, the optimization of imaging parameters of a LIFIS
was investigated for the detection of diluted fecal matters ap-

plied to poultry skin. Fecal matters at dilutions as high as 1:10 could
be detected with an accuracy of 96.6% using fluorescence emis-
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Figure 5 --- Representative time-resolved fluorescence
emission spectra of poultry skin, and (A) undiluted and
(B) diluted fecal matters.

Figure 6 ---
Time-resolved
images at 630
nm spanning
from 10 to 50
ns in 5-ns
interval for a
representa-
tive poultry
artificially
contaminated
with the fecal
dilutions,
using 415-nm
excitation.

sions captured with the use of a 415-nm excitation source, 630-nm
filter, and a 22-ns gate-delay time with an optimal threshold (for ex-
ample, RFI 1120). The results demonstrate that the LIFIS has good
potential for the detection of diluted feces on poultry carcasses and
could be an alternative to the current human inspection method
in automated poultry processing plants. To develop robust LIFIS
for detecting various types and levels of diluted fecal contaminants,
additional researches with more poultry carcasses fed by different
feedstuff are warranted especially in an industrial setting.
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Figure 7 --- Gate-delay time and threshold value selection.
(A) F values by delay-gate time used for classification,
and (B) detection accuracy as a function of RFI threshold
with frequency histogram for RFI values of feces and skin.
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Figure 8 --- (A) Photo of contaminant
on poultry skin; illustration of the
image processing sequence: (B)
5 × 5 binned image at 22-ns
gate-delay time, (C) binary image
from a threshold of 1120 RFI, and (D)
binary image with 2 × 1 image
erosion.
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